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S U M M A R Y
Cape Town, South Africa
SETTING: National household survey of adults in South
Africa, a middle income country.
OBJECTIVE: To determine the prevalence and predictors
of chronic bronchitis.
DESIGN: A stratified national probability sample of
households was selected. All adults in the selected
households were interviewed. Chronic bronchitis was
defined as chronic productive cough. Socio-demographic
predictors were wealth, education, race, age and urban
residence. Personal and exposure variables included his-
tory of tuberculosis, domestic exposure to smoky fuels,
occupational exposures, smoking and body mass index.
RESULTS: The overall prevalence of chronic bronchitis
was 2.3% in men and 2.8% in women. The strongest
predictor of chronic bronchitis was a history of tubercu-
losis (men, odds ratio [OR] 4.9; 95% confidence interval
[CI] 2.6–9.2; women, OR 6.6; 95%CI 3.7–11.9). Other
risk factors were smoking, occupational exposure (in
men), domestic exposure to smoky fuel (in women) and
(in univariate analysis only) being underweight. Wealth
and particularly education were protective.
CONCLUSION: The pattern of chronic bronchitis in South
Africa suggests a combination of risk factors that includes
not only smoking but also tuberculosis, occupational
exposures in men and domestic fuel exposure in women.
Control of these risk factors requires public health
action across a broad front. The protective role of edu-
cation requires elucidation.
KEY WORDS: chronic bronchitis; occupation; fuel;
tobacco; developing countries
ALTHOUGH there are a number of studies of chronic
bronchitis in selected populations in middle- and lower-
income countries,1–5 the overall burden and deter-
minants of chronic obstructive pulmonary disease
(COPD) in these countries are not well documented.
COPD has been projected to increase in these coun-
tries owing to the ageing of the population and the
increase in tobacco smoking.6
In the context of COPD, chronic bronchitis signi-
fies mucus hypersecretion without reference to air-
flow limitation.7 In the Global Initiative For Chronic
Obstructive Lung Disease (GOLD) schema, chronic
cough and sputum production without airflow limita-
tion is classified as Stage 0 (‘at risk’), while COPD
proper requires evidence of airflow limitation, with or
without symptoms.8 Focusing on chronic bronchitis
in epidemiological surveys has the advantage of hav-
ing a standardised questionnaire definition on hand
which can be used for large population studies. This
enables comparison across studies while providing
insight into the determinants of chronic lung disease
at the population level.
South Africa is a middle-income country charac-
terised by a relatively high degree of industrialisation
and modernisation combined with large scale urban
poverty and rural underdevelopment. It has a per cap-
ita gross domestic product of US$8900 (1999 pur-
chasing power), placing it alongside countries such as
Brazil and Mexico. A national health survey con-
ducted in 1998 provided the opportunity to examine
the prevalence and determinants of chronic bronchi-
tis in a representative national population rather than
a selected high risk population, as has been the case in
most previous studies.
STUDY POPULATION AND METHODS
The South African Demographic and Health Survey
was a national household survey designed to provide
cross-sectional data on a representative sample of the
non-institutionalised South African population.9 A
two-stage sample was drawn using the 1996 population
census as a sample frame. The first stage selected census
enumeration areas with the probability proportional to
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size based on the number of ‘visiting points’ in the enu-
meration area, stratified into urban and rural areas in
each of the nine provinces of South Africa. The sec-
ond stage involved a systematic random sample of 10
visiting points in the selected urban enumeration areas
and 20 visiting points in the rural areas. There was
oversampling of some areas to enable inferences to be
made about differences across province and race (and,
in one province, across health district).
All adults (15 years of age) who were residents of
every second visiting point were included. There was
no proxy reporting. Respondents were asked to clas-
sify themselves by race.* Questionnaires were pre-
pared in all of the official South African languages
and checked by back translation. Interviewers were
trained over several weeks. Interviews took place after
working hours, and interviewers were instructed to
return on two occasions if a suitable respondent was
not found at home. Two questionnaires of relevance
to this study were used. A household questionnaire
characterised all household members, including their
age, sex, race and education, and elicited features of
the dwelling such as fuel use, services used and goods
owned. An asset index was developed using principal
component factor analysis on the living conditions
and household assets information elicited by the
questionnaire.10 The analysis identified 10 household
characteristics for inclusion in the first factor, such as
having electricity, water and flush toilets and certain
durable goods, and reporting that nobody in the
household ever went hungry. The households were
categorised into quintiles based on the rank of the
score using the first factor.
An adult health questionnaire elicited information
about medical history, symptoms of disease and utili-
sation of health services, as well as the occupational
history and smoking habits of the respondent. This
questionnaire was accompanied by measurement of
height, weight and peak expiratory flow rate (PEFR)
using a Tru-Zone mini-peak flow meter (Trudell
Medical International, London, Ontario, Canada).
Outcome and predictor variables
Chronic bronchitis was defined as usual cough with
phlegm every day for at least 3 months a year for at
least 2 successive years The association of chronic
bronchitis with each of the variables of interest was
examined in a logistic regression model, separately for
men and women, to estimate prevalence odds ratios
* Under apartheid, South Africans were categorised into one of
four socially defined groups: Asian (Indian sub-continent ancestry),
African or black (descent primarily from one of a number of Bantu
language groups in Southern Africa), coloured (very wide group-
ing, including a mixture of black, Malay, European and indigenous
Khoisan ancestry) and white (primarily European ancestry). Race
is closely correlated with historical access to resources and endur-
ingly with socio-economic status.
(OR) and 95% confidence intervals (95%CI). To take
into account the survey design, the survey set option
in the STATA statistical package (STATA Release 7.0
Stata Corporation, College Station, TX, USA) was
used. The crude data were weighted to obtain nation-
ally representative counts and prevalence estimates.
Socio-demographic variables included wealth index,
educational level, race (African as reference), urban
vs. rural status and age stratum (10-year intervals).
Exposure and personal history variables included
smoking status, occupational exposure, domestic fuel
exposure, previous tuberculosis and body mass index
(BMI) (see Appendix for specific definitions). Smok-
ing was categorised as never, light current (1–14 cig-
arettes daily or occasionally), heavy current (14
cigarettes daily or occasionally), ex- and non-cigarette
tobacco (25 respondents who identified themselves as
‘occasional’ smokers but also as smoking more than
15 cigarettes daily were included in the heavy current
group). BMI was included in the analysis because of a
renewed interest in the association of BMI with obstruc-
tive airways disease, including associations with both
obesity and being underweight.11–13
The association of chronic bronchitis and PEFR
was examined. To adjust for a number of influences on
PEFR, a reference prediction equation was derived
from the survey data (see reference 9, Appendix D), and
PEFR expressed as a percentage of predicted. The dif-
ferences across groups between mean PEFR and mean
percentage predicted PEFR were examined by t-test.
Ethics approval for the study was obtained from
the Ethics Committee of the South African Medical
Research Council. Informed consent was sought from
each study respondent.
RESULTS
The association of chronic bronchitis and PEFR is
summarised in Table 1. Subjects with chronic bron-
chitis had significantly lower mean PEFR values and
Table 1 Differences in PEFR between groups with and
without chronic bronchitis
Chronic
bronchitis n*
Measure 
of PEFR Mean
Difference
(no  yes)
(95%CI)†
Male
No 5505 PEFR (L/min) 369
% predicted 104
Yes 144 PEFR (L/min) 293 75 (54–97)
% predicted 87 16 (10 –22)
Female
No 7839 PEFR (L/min) 304
% predicted 103
Yes  234 PEFR (L/min) 247 56 (43–68)
% predicted 88 14 (10–18)
* n for mean PEFR; n for PEFR % predicted slightly different.
† P  0.0001 for all comparisons.
PEFR  peak expiratory flow rate; CI  confidence interval.
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PEFR as a percentage of predicted than those without
chronic bronchitis.
The univariate associations of chronic bronchitis
and various predictors are presented in Table 2 for
men and Table 3 for women. There was a female
excess in the prevalence of chronic bronchitis at all
ages. However, this was more marked among those
aged 15 to 44 years (1.9% vs. 1.5%) than among
those aged 45 years and above (4.6% vs. 4.5%).
Among men, the strongest positive predictors of
chronic bronchitis in univariate analysis were age, a
history of tuberculosis, smoking and occupational
exposure, while education had a strong protective
effect. Weaker positive effects were noted for smoky
domestic fuels and being underweight. Wealth was pro-
tective, but with no trend beyond the poorest stratum.
Women showed similar patterns to men in that
age, a past history of tuberculosis, smoking and being
underweight were predictive of chronic bronchitis,
while education and wealth were protective. In con-
trast to men, rural residence and exposure to smoky
domestic fuel rather than occupational exposure were
further predictors.
In the adjusted model, particular interest was focused
Table 2 Men: chronic bronchitis, by socio-demographic
and exposure characteristics (univariate, n  5671)
Yes No % OR (95%CI)
Overall 133 5539 2.3
Asset index quintile
1 (poorest) 32 606 5.0 1.0
2 26 1104 2.3 0.4 (0.2–0.9)
3 18 1148 1.5 0.3 (0.1–0.6)
4 27 1354 2.0 0.4 (0.2–1.7)
5 (wealthiest) 31 1326 2.3 0.4 (0.2–0.9)*
Education
None 28 533 5.0 1.0
1–7 years 49 1482 3.2 0.6 (0.4–1.0)
8–12 years 45 3053 1.5 0.3 (0.2–0.5)
12 years 5 435 1.1 0.2 (0.1–0.8)*
Age (years)
15–24 16 1800 0.9 1.0
25–34 19 1104 1.7 1.9 (0.9–4.1)
35–44 24 982 2.4 2.7 (1.2–5.9)
45–54 33 668 4.8 5.5 (2.5 –12.0)
55–64 19 500 3.6 4.1 (1.8–9.5)
65 22 485 4.3 4.9 (2.3–10.6)*
Race
African 88 4169 2.1 1.0
Coloured 23 614 3.6 1.8 (1.0–3.0)
White 16 548 2.8 1.4 (0.7–2.7)
Asian 6 190 2.9 1.4 (0.5–4.4)
Residence
Urban 77 3492 2.2 1.0
Rural 55 2047 2.6 1.2 (0.8–1.9)
History of TB
Never 109 5399 2.0 1.0
Ever 24 140 14.7 8.5 (4.8–15.3)
Smoky domestic fuel
Electricity, paraffin, gas 81 3937 2.0 1.0
Wood, coal, dung 51 1601 3.1 1.6 (1.0–2.4)
Occupational exposure
Never 1 year 69 4081 1.7 1.0
Ever 1 year 64 1458 4.1 2.6 (1.7–4.0)
Body mass index
Reference weight 71 3092 2.3 1.0
Overweight 9 1056 0.9 0.4 (0.2–0.7)
Obese 12 356 3.3 1.5 (0.7–3.0)
Underweight 29 671 4.2 1.9 (1.1–3.2)
Smoking
Never 33 2672 1.2 1.0
Current 1–14/day 54 1686 3.1 2.6 (1.4–4.6)
Current 15/day 27 467 5.4 4.6 (2.3–8.9)
Ex-smoker 12 551 2.1 1.8 (0.9–3.5)
Non-cigarette† 7 258 4.4 3.7 (1.4–9.9)
* P  0.05 for trend.
† Pipe, cigar, cheroot, cigarillos.
OR  odds ratio; CI  confidence interval; TB  tuberculosis.
Table 3 Women: chronic bronchitis, by socio-demographic 
and exposure characteristics (univariate, n  8155)
Yes No % OR (95%CI)
Overall 226 7929 2.8
Asset index quintile
1 (poorest) 71 1041 6.4 1.0
2 53 1593 3.2 0.5 (0.3–0.8)
3 32 1582 2.0 0.3 (0.2–0.5)
4 29 1830 1.6 0.2 (0.1–0.4)
5 (wealthiest) 40 1882 2.1 0.3 (0.2–0.5)*
Education
None 66 1120 5.6 1.0
1–7 years 76 2148 3.4 0.6 (0.4–0.9)
8–12 years 77 4136 1.8 0.3 (0.2–0.5)
12 years 4 491 0.9 0.2 (0.04–0.6)*
Age (years)
15–24 39 2045 1.9 1.0
25–34 24 1695 1.4 0.8 (0.4–1.5)
35–44 36 1424 2.5 1.3 (0.7–2.4)
45–54 41 1075 3.7 2.0 (1.1–3.6)
55–64 37  877 4.1 2.2 (1.3–3.7)
65 48  814 5.6 3.1 (1.9–5.0)*
Race
African 176 6092 2.8 1.0
Coloured 23 783 2.8 1.0 (0.6–1.6)
White 22 745 2.9 1.0 (0.5–2.0)
Asian 2 298 0.7 0.2 (0.1–0.9)
Residence
Urban 108 4890 2.2 1.0
Rural 118 3039 3.7 1.8 (1.3–2.4)
History of TB
Never 196 7798 2.5 1.0
Ever 30 132 18.3 8.9 (5.4–14.7)
Smoky domestic fuel
Electricity, paraffin, gas 116 5286 2.2 1.0
Wood, coal dung 109 2643 4.0 1.9 (1.4–2.6)
Occupational exposure
Never 1 year 191 7059 2.6 1.0
Ever 1 year 35 870 3.8 1.5 (0.9–2.3)
Body mass index
Reference weight 78 2916 2.6 1.0
Overweight 59 2219 2.6 1.0 (0.7–1.5)
Obese 54 2025 2.6 1.0 (0.6–1.5)
Underweight 23 418 5.2 2.0 (1.2–3.5)
Smoking
Never 138 6208 2.2 1.0
Current 1–14/day 34 591 5.4 2.6 (1.6–4.1)
Current 15/day 11 179 5.7 2.7 (1.2–6.0)
Ex-smoker 40 883 4.3 2.0 (1.2–3.2)
Non-cigarette† 3 55 5.4 2.6 (1.1–6.1)
* P  0.05 for trend.
† Pipe, cigar, cheroot, cigarillos.
OR  odds ratio; CI  confidence interval; TB  tuberculosis.
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on personal history and exposure factors. In South
Africa, race, wealth, education and rural residence are
highly intercorrelated. In addition, there was intercor-
relation in the study between wealth (asset index) and
exposure to smoky domestic fuel, as electricity was
included in the definition of asset index. Education,
which had the strongest effect in univariate analysis,
was thus retained in the model along with age, past
history of tuberculosis, smoky domestic fuel expo-
sure, occupational exposure, BMI and smoking.
The fully adjusted logistic regression models are
presented in Table 4. A history of tuberculosis remained
highly predictive of chronic bronchitis. The mono-
tonic trend to decreased prevalence with improving
education level persisted, with tertiary education
associated with a three fold protective effect com-
pared to no education (P  0.05 for trend). Age trends
were not as clear, with significantly increased preva-
lences apparent only among the strata over 45 years
of age (P for overall trend 0.05).
Smoking showed complex associations. Among
men, the trend was that of increasing prevalence of
chronic bronchitis from never to light daily and heavy
daily smokers. Among women, a significant smoking
effect was seen among light daily smokers, but not
among heavy daily smokers. Neither ex-smoking nor
smoking other tobacco products showed any associa-
tion with chronic bronchitis.
Among men, the association with occupational
exposure retained significance, while among women
that with smoky domestic fuels remained significant.
In both cases, the size of the effect was reduced com-
pared to that in univariate analysis. Being underweight
was no longer a significant predictor of chronic bron-
chitis in either men or women.
As the domestic smoky fuel exposure variable con-
tained some mixed usage which was difficult to clas-
sify, the analysis was repeated with more refined cat-
egories of exposure, i.e., electricity and gas only (as
the reference), wood, coal or dung only, paraffin only,
and a mixed use group. In this refined analysis, a
clearer effect of smoky fuel emerged among women
(OR 2.0, 95%CI 1.1–3.4). Sole paraffin use showed
no association with chronic bronchitis.
The effect of gender was examined in a model
unstratified by gender (not shown). This confirmed
that women had a significantly higher prevalence of
chronic bronchitis than men (OR 1.8, 95%CI 1.3–
2.5). This female excess was the same in those aged
15–44 years as in those aged 45 years.
To illustrate the potential public health impact of
the environmental risk factors, population attribut-
able fractions (defined in the Appendix) were calcu-
lated on the assumptions that the associations are
causal and that the prevalence odds ratios in the
adjusted model approximate the true relative risks
(Table 5).14 Among men, current smoking imposed
the largest burden (collectively 25%), with occupa-
tional exposure (14%) and a past history of tuberculo-
sis (10%) making substantial contributions. Among
women, domestic fuel exposure (14%) and a past his-
tory of tuberculosis (10%) had an impact of the same
order as that of current smoking (collectively 11%).
DISCUSSION
Some unusual associations regarding chronic bron-
chitis in adults emerged from this national household
survey in South Africa. The prevalences were gener-
ally higher among women than among men. Among
Table 5 Population attributable fraction for selected risk 
factors in a population survey of South African adults
Men
(n  5671)
Women
(n  18 155)
P POR PAF P POR PAF
Past TB 2.9 4.9 10 2.0 6.6 10
Occupational exposure 26.8 1.6 14 — — —
Smoky domestic fuel — — — 33.8 1.5 14
Current smoking, 1–14/day 30.6 1.5 13 7.7 2.3 9
Current smoking, 15/day 8.7 2.5 12 2.3 1.8 2
P  population prevalence of exposure; POR  prevalence odds ratio
(adjusted; see Table 4); PAF  population attributable fraction (rounded); TB 
tuberculosis.
Table 4 Chronic bronchitis by socio-demographic and 
exposure characteristics (multivariate model)
Men (n  5373) Women (n  7688)
OR 95%CI OR 95%CI
Education
None 1.0 1.0
1–7 years 0.8 0.5–1.4 0.8 0.5–1.2
8–12 years 0.5 0.3–1.0 0.5 0.3–0.8*
12 years 0.3† 0.06–1.0 0.3† 0.08–1.2
Age (years)
15–24 1.0 — 1.0 —
25–34 1.5 0.6–3.6 0.7 0.3–1.4
35–44 1.5 0.6–3.7 0.9 0.5–1.7
45–54 2.8 1.1–7.1* 1.3 0.6–2.6
55–64 1.9 0.7–4.8 1.5 0.8–2.7
65 2.9† 1.3–6.8* 1.8† 1.0–3.4*
History of TB 4.9 2.6–9.1* 6.6 3.7–11.7*
Smoky domestic fuel 1.5 0.9–2.4 1.5 1.0–2.1*
Occupational exposure 1.6 1.0–2.6* 1.3 0.8–2.2
Body mass index
Reference weight 1.0 — 1.0 —
Overweight 0.4 0.2–0.7 0.9 0.6–1.4
Obese 1.5 0.7–3.3 0.9 0.6–1.5
Underweight 1.6 0.9–2.9 1.4 0.8–2.5
Smoking
Never 1.0 — 1.0 —
Current 1–14/day 1.5 0.8–3.0 2.3 1.4–3.8*
Current 15/day 2.5 1.2–5.3* 1.8 0.6–5.8
Ex-smoker 0.8 0.4–1.8 1.3 0.8–2.2
Non-cigarette‡ 0.9 0.3–2.6 1.3 0.5–3.7
* P  0.05 for the stratum odds ratio.
† P  0.05 for trend.
‡ Pipe, cigar, cheroot, cigarillos.
OR  odds ratio; CI  confidence interval; TB  tuberculosis.
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the potential risk factors, a reported history of tuber-
culosis emerged as a powerful predictor of chronic
bronchitis, much stronger than smoking. Among the
socio-demographic variables, a strong protective
effect of education was noted.
There are limitations in a survey of this nature
which may have served to bias the findings. Because
of the cross-sectional design, respondents with symp-
toms may be more likely to report occupational expo-
sures than respondents without symptoms. Similarly,
people with current symptoms may be more likely to
remember past tuberculosis than asymptomatic respon-
dents. Although PEFR is not a substitute for spirome-
try,8 some validation of the chronic bronchitis con-
struct as part of the COPD spectrum was obtained at
the group level through PEFR measurements. These
showed a clear deficit in mean lung function among
those with chronic bronchitis compared to those
without.
As the interviews required finding an adult respon-
dent at home, there is likely to have been underrepre-
sentation of working people, particularly those working
overtime, shifts or away from home. Male worker
hostels, a common form of housing for African migrant
workers in mining and certain urban areas, were not
surveyed. The net effect of these selection factors may
have been that employed low-income men were under-
represented in the survey, although the direction of
bias is not easy to predict.
Crude chronic bronchitis prevalences in this survey
were 2.3% among men and 2.8% among women
aged 15 years. These are lower than those reported
previously in worker populations and users of health
services in Africa, including South Africa,1,2 and in
rural populations in Bolivia,3 Turkey4 and Iran.5 How-
ever, none of those results were derived from repre-
sentative national surveys. In addition, the sample in
this study included a relatively large proportion of
subjects in the stratum aged 15 to 23 years with a low
prevalence of chronic bronchitis.
The prevalences in this study were also lower than
those recorded in the population aged 20 to 44 years
across 35 centres in the European Community Respi-
ratory Health Survey (ECRHS).15 In the current study,
prevalence was 1.5% among men and 1.9% among
women aged 25 to 44 years, lower than the 3.7% in
men and 2.8% in women in the ECRHS. The differ-
ence among women could be due to the lower smok-
ing prevalences among South African women (particu-
larly African and Asian women).15,16 However, the
prevalence of chronic bronchitis among South African
men is lower than expected, given that their age-specific
smoking prevalences are equivalent to those reported in
the more heavily smoking European countries.15,16
The female excess in chronic bronchitis in this study
is of interest. When examined across race groups in the
crude analysis (Tables 2 and 3), the female excess is
apparent only among Africans, and among rural
rather than urban residents. Given that rural African
women have a very low smoking prevalence,16 this
excess is plausibly due to domestic fuel exposure in
conditions of poor ventilation. Heavy exposure to
domestic cooking fires in rural areas in South Africa
has previously been shown to be intense enough to
produce pneumoconiosis.17 In univariate analysis,
women who used coal, wood or animal dung for cook-
ing and heating reported a significantly higher preva-
lence of chronic bronchitis than those reporting use of
electricity, gas or paraffin. This effect was somewhat
reduced in the final model. However, paraffin (domes-
tic kerosene) was included in the reference (‘unex-
posed’) group because a previous study had showed
an association of use of this fuel mainly with carbon
monoxide rather than particulates or sulphur dioxide
in indoor air measurements.18 When paraffin was
omitted from the reference group, leaving just elec-
tricity or gas, the effect was to strengthen the associ-
ation of smoky fuels with chronic bronchitis.
A number of studies, but not all, have found an
association between indices of lower socio-economic
status and COPD symptoms or reduced forced expira-
tory volume in one second (FEV1) (reviewed by Pres-
cott et al.19). In our analysis, education had a clear pro-
tective effect on both outcomes. It was of interest that
there was little association between race and chronic
bronchitis. Wealth was protective using the poorest
stratum as the reference, but with no trend thereafter.
A similarly strong protective effect of education has
been noted for chronic bronchitis in Brazil,20 and for
obstructive lung disease and spirometric airflow limi-
tation in Norway.21 The mechanism of this beneficial
effect of education is unclear, as smoking, occupa-
tional exposure and domestic fuel exposure were con-
trolled in the analysis.
The association of smoking with chronic bronchitis
was in the predicted direction for men, with the odds
ratio increasing with heavier daily smoking history,
although these effects became weaker in multivariate
analysis. Among women, there was no difference in
univariate analysis between the effect of light and
heavy daily smoking, and only the effect of light daily
smoking persisted in the final model. Part of the expla-
nation for this lack of exposure response association
among women must lie in the relatively low preva-
lence of smoking among women (11% among current
regular smokers overall, 5.4% among African women)
and particularly low prevalence of heavy smoking
(1.9% overall). There was also likely to have been some
misclassification of smoking, attenuating the associa-
tion of smoking with the respiratory outcomes.
There was a strong association between a history
of diagnosed tuberculosis and chronic bronchitis among
men and women, confirming the impact of the tubercu-
losis epidemic at the population level in South Africa.
Although tuberculosis is curable if adequately
treated, permanent damage to the lungs is commonly
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noted even in persons who successfully complete anti-
tuberculosis treatment. Airways obstruction is a well
documented long-term sequela of tuberculosis,22,23 as
is bronchiectasis. However, few studies seem to have
studied chronic cough and sputum systematically in
former TB patients. A recent follow-up study of South
African miners has shown an increased frequency
of cough and/or sputum in those with a history of
treated TB, with the prevalence of these symptoms
rising with the severity of the initial TB.24 Authors of
an earlier South African study suggested that chronic
obstructive bronchitis is the main cause of airways
obstruction in such cases.22
In univariate analysis, a moderately strong effect
of occupational exposure on chronic bronchitis in
men was noted, of the order of the effect of smoking
less than 14 cigarettes a day compared to none. Just
over one third of men and 10.6% of women had ‘ever
worked in a job regularly exposed to smoke, dust,
fumes or strong smells’. A sizeable number of male
respondents (n  522, 12.4% of the male sample)
also reported ever having worked underground in a
mine, reflecting a historical pattern of young men
from rural areas seeking work at least for short peri-
ods in the mining sector. When analysed separately
(not shown), underground work in a goldmine was
also independently associated with an increased prev-
alence of chronic bronchitis after controlling for past
tuberculosis. An association of ‘non-specific’ occupa-
tional exposure and chronic bronchitis has been
noted in population studies elsewhere.25–27
Of the BMI associations, obesity failed to show
any association with chronic bronchitis. In univariate
analysis, low BMI was significantly associated with
chronic bronchitis among men and women. This
association disappeared in the final model, suggesting
confounding by other variables such as smoking. This
association of low BMI with chronic bronchitis has
previously been noted among men in a national sur-
vey in Italy,11 and, indirectly, in a cohort study of
COPD (which included chronic bronchitis) in the
United States.12 In contrast, a recent American cohort
study found an association only between emphysema
and low BMI, while chronic bronchitis (as well as
asthma) was related to obesity.12 An association has
also been shown between low birth weight and airflow
obstruction in adult life as well as death from COPD,
but not with cough and sputum.28 These findings sug-
gest that if low body weight does have a causal effect it
is more likely to be on airflow limitation (and in men)
rather than on mucus hypersecretion.
CONCLUSIONS
The results of this study have implications for how we
think about chronic bronchitis in countries such as
South Africa, i.e., those characterised by a combina-
tion of rural and urban poverty and a fairly high
degree of industrialisation. Although there is no rea-
son to believe that smoking has a lesser impact on
chronic lung disease in South Africa than in wealthier
countries for equivalent exposure, infection such as
tuberculosis and (in men) occupational exposures
may have effects at the population level of the same
order as those of smoking. Domestic fuel exposure
may play the same role in women as occupational
exposure in men.
Efforts to control tuberculosis are already at the cen-
tre of public health activity in South Africa, although
they are under pressure owing to the acquired immune-
deficiency syndrome (AIDS) epidemic. There has
been progress in tobacco control with the passage of
tobacco control legislation in 1994 and some evi-
dence of a decline in overall usage.16 However, these
gains are not shared by all sectors of the population,
and intensified efforts to reach these groups as well as
to monitor implementation of the legislation are
required. Control of occupational exposures, despite
having good enabling legislation, has suffered from a
lack of capability to enforce such legislation. Control
of domestic smoke exposure requires a long term devel-
opment strategy, including electrification, improvement
in domestic stove technology and poverty reduction,
especially in rural areas. Public health action on a
number of fronts is thus needed to limit the burden
of chronic lung disease, particularly as the popula-
tion ages.
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APPENDIX
Questions (and answers) used to define variables
Chronic bronchitis: Do you usually cough? (yes).
When you cough, do you usually bring up phlegm
from your chest? (yes). If ‘yes’, have you brought
up phlegm every day for at least 3 months during
the last year? (yes) If ‘yes’, for how many years
have you brought up phlegm in this way? (2).
Body mass index: Weight/height2: Underweight 18.5;
Reference 18.5–24.9; Overweight 25–29.9; Obese
30.
Occupational exposure: (Have you) ‘ever worked in
a job . . . regularly exposed to smoke, dust, fumes
or strong smells (for 1 year)’ OR ‘ever worked
underground in a mine?’
Smoky domestic exposure: ‘coal, wood or animal
dung for cooking or heating’ vs. ‘gas, paraffin or
electricity’ (any mixed use that included electricity
or paraffin was included in the reference group).
Rural vs. urban residence: This was based on a cat-
egorisation of areas by the national statistics office
on the basis of the level of organised service pro-
vision. Rural areas in South Africa include pros-
perous commercial farming areas, but most of the
rural population live in poverty stricken subsis-
tence sectors.
Population attributable fraction:14 p(POR  1)/
[p(POR  1)  1], where POR  prevalence odds
ratio as an estimate of the relative risk, and p 
prevalence of the risk factor in the population.
R É S U M É
CONTEXTE : Enquête nationale sur les adultes dans les
ménages d’Afrique du Sud, un pays à revenus moyens.
OBJECTIF : Déterminer la prévalence et les facteurs pré-
dictifs de la bronchite chronique.
SCHÉMA : On a sélectionné un échantillon de ménages
au hasard et par stratification dans l’ensemble du pays.
Tous les adultes des ménages sélectionnés ont été inter-
viewés. La définition de la bronchite chronique consis-
tait en une toux chronique productive. Les facteurs prédic-
tifs socio-démographiques ont été la richesse, l’éducation,
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la race, l’âge et la résidence en milieu urbain. Les variables
personnelles et d’exposition ont comporté les antécé-
dents de tuberculose, l’exposition au domicile à des car-
burants générateurs de fumée, les expositions profes-
sionnelles, le tabagisme et l’index de masse corporelle.
RÉSULTATS : La prévalence globale de la bronchite chro-
nique est de 2,3% chez les hommes et de 2,8 chez les
femmes. Les antécédents de tuberculose sont le facteur
prédictif le plus puissant de la bronchite chronique (chez
les hommes, odds ratio [OR] 4,9 ; intervalle de confiance
95% [IC] 2,6–9,2 ; chez les femmes, OR 6,6 ; IC 95%
3,7–11,9). D’autres facteurs de risque sont le tabagisme,
les expositions professionnelles (chez les hommes), l’expo-
sition domestique à des fumées de combustion (chez les
femmes) et (seulement lors de l’analyse univariée) l’insuf-
fisance de poids. La richesse et une éducation particu-
lière ont un caractère protecteur.
CONCLUSION : En Afrique du Sud, le type de bronchite
chronique suggère une combinaison de facteurs de ris-
que incluant non seulement la tabagisme, mais aussi la
tuberculose, les expositions professionnelles chez les
hommes et l’exposition au carburant domestique chez
les femmes. Le contrôle de ces facteurs de risque exige
une action de santé publique sur un large front. Le rôle
protecteur de l’éducation reste à élucider.
R E S U M E N
CONTEXTO : Encuesta nacional a domicilio, en adultos
de Sudáfrica, un país de recursos intermedios.
OBJETIVO : Determinar la prevalencia y los factores pre-
dictivos de la bronquitis crónica.
DISEÑO : Se seleccionó una muestra nacional estratifi-
cada de hogares. Todos los adultos de los hogares selec-
cionados fueron entrevistados. Se definió la bronquitis
crónica como la existencia de tos productiva crónica.
Los factores predictivos sociodemográficos estudiados
incluían la riqueza, la educación, la raza, la edad y la re-
sidencia urbana. Las variables personales y de exposición
incluían el antecedente de tuberculosis, la exposición
doméstica a combustibles generadores de humo, la
exposición ocupacional, el tabaquismo y el índice de
masa corporal.
RESULTADOS : La prevalencia global de bronquitis
crónica fue de 2,3% en los hombres y de 2,8% en las
mujeres. El factor predictivo más poderoso era el ante-
cedente de tuberculosis [en hombres, odds ratio ([OR]
4,9 IC95% 2,6–9,2 ; en mujeres OR  6,6 ; IC95%
3,7–11,9). Otros factores de riesgo eran el tabaquismo,
la exposición ocupacional (en hombres), la exposición
doméstica a combustibles generadores de humo (en
mujeres) y (sólo en el análisis univariado) el bajo peso
corporal. La riqueza y particularmente la educación eran
factores protectores
CONCLUSIÓN : El tipo de bronquitis crónica en Sud-
áfrica sugiere una combinación de factores de riesgo que
incluye no solamente el tabaquismo, sino que también la
tuberculosis, la exposición ocupacional en los hombres y
la exposición a los combustibles domésticos en las
mujeres. El control de estos factores de riesgo requiere
medidas de salud pública en un amplio frente de acción.
El papel protector de la educación queda por elucidar.
